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SECTION I

USER GENERAL INSTRUCTIONS

(1) The program language for PC-1500 Pocket Computer is BASIC and the

elementary part of BASIC program instructions are given in the

SHARP Intruction manual, which comes with PC-1500 Pocket Computer.

(2) The 8 K RAM should be attached to the computer to increase its

capacity. Printer is necessary for Version I and 2. If not

available, choose Version 3 of the program,

(3) The programs are called SYM-LAM 1, SYM-LAM 2, and SYM-LAM 3. They are

three different displays of the same calculation:

SYM-LAM I (Version 1) gives vertical printing on the paper,

SYM-LAM 2 (Version 2) gives horizontal printing with matrix form

on the paper,

SYM-LAM 3 (Version 3) gives results on the display window and

does not require the printer.

The proqrams are started in mode RUN by instruction RUN (press the

keys fD [0 (9 and -TER ). User is guided through the

programs by simple questions. The user types the chosen answer

and presses the key RM



(4) The programs are recorded on a magnetic cassette with tape counter

readings:

SYM-LAM I : 0 - 200

SYM-LAN 2 : 250 - 400

SYM-LA 3 : 450 - 540

Instruction CLOAD "SYM-LAM 1" ("SYM-LAM 2" or "SYh-LAM 3") is used

to load the program from the cassette recorder to the computer.

(5) The program considers only symmetric laminates of composite

materials.
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SECTION II

CONTENTS OF PROGRAMS

The program performs specific operations and computations of

composite materials:

(1) Description of the laminates.

- number of angles

- number of plies for each angle

- number of core plies (for flexural stiffness of sandwich

plate only)

(2) In-plane stiffness of synmmetric laminates.

- modulus and compliance

(3) Engineering constants.

(4) Normalized in-plane stiffness.

- modulus and compliance

(5) In-plane strength.

(6) Stress failure enevelope.

(7) Strain failure enevelope.

(8) Flexural rigidity of synmetric sandwich plates.

- modulus and compliance

(9) Flexural strength of symmettic sandwich plates.

REMARKS:

(a) The materials constants are stored in the program. When

3



REMARKS: (cont'd)

"MATERIAL N. =" is asked, input the material number or press M,

which gives the menu for materials numbers:

1 - T300/5208

2 - B(4)/5505

3 - AS-3501

4 - Schotchply/1002

5 - Kevlar 49/Epoxy

To add other materials (up to 10), user should type (in PRO mode)

for a material N. = x: (line 10 * x)

10 * x: DATA "Name of Material", Ex , Ey, vx, Ess hop X, X,

Y, Y', S: RETURN

An example of adding a new material (Aluminum-material number 6)

is as follows:

Set PRO mode, write 60 DATA "ALUMINUM", 69E3, 69E3, .3, 26.5E3,

.125E-3, 400, 400, 400, 230: RETURN and press ET

The unit of engineering constants are in MPa and thickness is in

meter.

(Do not forget to save the modified program on the cassette tape

using instruction CSAVE "SYM-LAMl" ("SYM-LAM2" or "SYM-LAM3"). The

menu is set automatically up to date.

g 4



(b) The order of angles to be entered starts from the angle closer to

the mid-plane. This is very important in the flexural rigidity

and strength computations.

(c) The value of F* was programmed as 0 = -  in the program step
1025. For F* - the new value shouldbentrdieclxy

in the program at this step (mode PRO).

I
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SECTION III

PROGRAM DESCRIPTION

(A) FLOW DIAGRAM
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(B) KEY OPERATION PROCEDURE (T300/5208, [04/'04]s and version 1)

DISPLAY PRINT OUT & REMARKS PRINT OUT & REMARKSPRINTY DISPLAY &
OPERATION OPERATION P O R

ENGINEERING CST - Y/N?
E El-o 95. 991GPa

COLOR (0 1,2 3) Color Numbers E2-o 95. 991GPa

0 - black 2 - green 21-o 2. 120GP

1-blue 3 - red v12o 0.030
v6lo 0.000

MATERIAL N. V16o 0.000

(M for MNU)? v62o 0.000
Menu for Materials u28o 0.00

MATERIAL N. = NORMAL]ZED CST - Y/N?
(M for MENU)? "NORMALIZED CONST

T30/520380/52 8 MODULUS

All* 36.028GPa
DEFINE THE LAMIN TE A22* 96. 028GPa

HOW MANY ANGLES 012* 2.896GPa
I 1 A66* 2. I 7OGPa

A16* 0.OOOGPa

ANGLE = A26K 0. OOOGPa

rN I NO. AT. (TPQ)-IANGLE 1 90 COMPLIANCE
NO. OF PLIES NO..' L:FES 4

n ANGLE 2-0 lI'* 10.412
NO.OF PLIES 4 Q22"* 10.417

ANGLE = N.Of 'ORE PLIES 0 al2 -- -

o66* 133.420
LIE _______a!6* 0.000

NO. OF PLIES o26 ..000

IN-PLANE STRENG H - Y/N?

N. OF CORE PLIES NI = 1. OOOMN.m
rF--M N2 - 0, OOOlN.,'m-

NI (Mm N6 :

IN-PLANE STIFFNE S - Y/N ? m
IN PLANE STIFFNE POO
MODULUS N2 =>Mi t§ L q22I
Al 192. 152MN/mA22 192. 157MN/m . ." :

Ij

0 12 5.7-93MN/m V44 4'0
A66 14. 34OMN/M N6, P I)?r 8 G: 81'1
1416 0. O00MN/m N ..

426 0.00B0MN/M

L-OIMPL iANCE . 3,

011 5. 208mlkN N ' "
o22 ). 208mlkN 6,8 i< "'

a12 O ..5?mlk N
o66 63. 735mlkN K2Z '

016 0. 000mlkN N I" . 8

0a2B 0. 00g0m/kNj '-01,- •, , -I !ltt 'i

II - - , _7



DISPLAY & PRINT OUT & REMARKS DISPLAY & PRINT OUT & REMARKS
OPERATION OPERATION

FAIL. ENV IN SIRESS - Y/N? COLOR NO. IS =

ANGLE NO.i"= ANGLE NO. IS =

COLOR NO. is= NEW SCALE - Y/N?

ANGLE NO. is=
M9FLEXURAL STIFFNE ;S - Y/N?

CFLEX. STIFFNESSCOLOR NO. is= MODULUS

=R nil !06.918N.m
ANGLE NO. is-*- D22 21. 186N.

012 1.931N.m
066 4.280N.,n

NEW SCALE - Y/N. 026 0. OOON.
M (*)Entering an angle

W = ? number greater than INU. MAT. (kN.m)-I
Sthe number of angles COMPLIANCE

on the laminate ter- - 9.368
minates the graphic d22 42.228
operation d12 -0. 853

d66 209.205
ANGLE NO. is= d16 0.000

D c126 0.000

COLOR ENGIN. FLEX. CST - Y/N?

F R -f 160. 1 13GP a

E2-f 3.726GPa
ANGLE NO. is =  1825.OrPca 6-f 2. 169GPa

u2lf 0.091
.. vl2f 0.018

COLOR NO. is= v61f 0.000vlf 0.000
/ ",- ) ,-62 f 0. 000

ANGLE NO. is= ,26 F 0.000

NORM. FLEX. CST. - Y/N?
- SCALE? NORMALIZED CONSI

NEW SCALEMOULUS
F11 16i !0. 328GPa
1{]22* $I.;, 9 GP a

FAIL. ENV. IN SIRAIN YIN? SC1 2k 2.,89GPa
. STRAIN SPACE D)66* ._. !.-,'OGPa

I.022 n6*( 0. 000GPa

ANGLE NO. IS = .02222 2,OGPa
C INU. MAT. (T.Pa).

CCWWFL 1 NrE
COLOR NO. IS = CO !7 IAld 2 6r2E

N -22 .31.518
ANGLE d12* 0. 569

d1 65* 0.0k0
d26* 0.000

8



DISPLAY & PRINT OUT & REMARKS DISPLAY & PRINT OUT & REMARKS
OPERATION __________ OPERATION

JFLEXURA1UTRENG Y/N?_ ANL-

Ml = .0

MI = .8081N
"12 = 0,8. NR .0
M 6 = .08eI1N Sim- 1205.523IlPa

M2 =ANGLE I 98 "
S R+ = 8.808 At the end of the program it starts

Ssm+- 1253. 54 1 MPc again to IN-PLANE STIFFNESS. To end

M6 = FE-E - = 004 or stop the program, press the key
S Sgm-~ 2213. V2MIPQ MM ("break")

9



(C) MEMuY CONTENTS

9 DESCRIPTION VERSION '(o0 DESCIPRTION VERSION '%o, DESCRIPTION VERSION
__tt 2__ 12 13_

A E SA(2) E 2

o f
Ey T A(3) E6  E

CU x A(4) vo v2f

o f
DE V Y A(5) v2  v12

scale 0A(6) fF m= (1-V x vy) W factor x A)v 6 1 V61

k number f
G of Angles X x A(7) v6 6

o 1,

H y y A(8 V6 2  V6 2

Z A(9) v29 26 v26

AA ** B(1) N+

K NI  M BB ** B(2) N-

L N2  M2  CC ** B(3)

M N M II *x B(4)

LL *, B(OO) H11

F* pp ** B(201 H12xy x Ix

P XTT B(21 H2 2

Q XX * B(23) H1

R oA() E E B(24 H21 E 1

10



DESCRIPTION DESCRIPTIONVSI % DESCRIPTIONVERSIO123 1- 123 ttl 1 2 3

U(1) F U(21) G V(16) A66  D66
xx

U(2) Fx  U(22) G6 6  V(17) A16  D16

U(3) F U(23) G1  V(18) A* D*

yyA1 26  026

U(4) F U(24) G V(19) a11  dll

* 2

U(5) F V(1) A11  DIi V(20) a22 d22ss11 1 22 2

U(6) F V(2) A22  D22  V(21) a12  d12
xy22 2 12 1

U(7) G V(3) A12 D12 V(22) a* d*
___ _ -2 a26 6  d66  ---

U(8) G V(4) A66 D66 V(23) a16  d16

U(9) G V(5) A6 D16 V(24) a d
__ __ 16 16 - - _ _ _26 d2 6  - -

U(1O) Gss V(6) A26  D26 V(25) graphic

I variables

xxU(II) G x  V(7) a 11 dli1 V(31)

U(12) Gy V(8) a22  d22  X(1) Qxx

U(13) I V(9) a12  d12  X(2) In

U(14) A' V(10) a66 d66 X(3) Qxy

U(15) B' V(11) a16 d16 X(4) 0ss

U(16) D' R+ V(12) a26 d26  X(5) m4

U(17) E' R- V(13) A 0 X(6) m3n

U(19) G V(14) A22  D2 X(7) m2n2

U(20) G22 V(15) A1 2  D12 X(8) n3

11



DESCRIPTION DESCRIPTION DESCRIPTION

x(9) n4  Y(I) Ii L$ V121

h2 h3  Z(") n M$ 1V211

X(11) AS "11" N$ 116"-- jj

X(16) B$ "22" 0$ "V61"

X(17) k 1 C$ "12" P$ V2611

X(18) E k D$ "66" Q$ ,,v62,

X(19) E k6  E$ "16" T$(1) " "

X(20) Cx F$ "26" T$(2) " * "

X(21) Ey G$ Y/N AA$(1) "MODULUS"

X(22) E H$ ANGLE AA$(2) "COMPLIANCE'

X(23) m2  1$ "El-" W$ "MATERIAL"

MATRIX

X(24) n2  J$ "E2-" C(I,J) ENTRY
VARIABJ ES ix

X(25) mn K$ "E6-" E ho

X(26) X(1)

X(29) x(4)

• Control variable ** - Formate or Printing variable

x - memory is not applicable = rotation angle for ellipse

A' - E = Coefficient of elliptic equation rotated

12



(D) SAMPLE PROBLEMS

1. T300/5208, [02/902/± 452] s  (Version 1)

2. T300/5208, [04/9043s  (Version 2)

3. T300/5208, [0/90/+ 45/CORE4]s (Version 1)

1. T300/5208, [02/902/±452]s (Version 1)

T30B/5208 NORflL]ZED CONST

ANGLE IMODULUS 
625.

NO.Of PL tF -i 2 AI]l 26.368GPa
ANGLL 2 : 4 A22* 26.368GPa ANCL

NO.OF PLGL-E 2 A12* 22.602GPa 0

' 3NGLF S- 2 A66* 26. 880GPa ,0[,1
NO.O PLIRS , I16* O.O00GPa "tr. . 6

U 'ANGLE 4 -: 0
NfOF PL I S-,

N.OF CORE PLIES 0 INU. MAT. (TP9)-1 NI

IN PLANE STIFFNE COMPL1ANCE , ,:.4 "1 "

MODULUS all* 14.352

A11 .152.236MN/fm 22* 14.352

022 152.236MN/m o12* -4.248A22 i2. 73MN/m 66  32. 201 ," .

A12 45.214i'N/rn a161 2,000 
" 000

.66 53. 60MN/m a26* 0.000
A16 O.a00IMN/m oL2. 0.'08

A26 8.000MN/m

Ni =.000NN/M -, .rn- . . -,"i'-I,

COMPLIANCE N2 - .000MN"m E S S

N6 0. CT!N'm S

oll 7.126m/kN
a22 2. 126m,kN Q+ . 4;

c12 -2. 124m/kN N+ 24. is .@MPa
a66 18.60 m./kN S-N N 46. 9S .Bpki

a16 0.000nm/kN Srn : -46. 995MPu

a26 0.000m/kN

E)-o 69.625GPa N-

E2-o 69.6,25GPcx - t7T. 825MPa

E6-0 26.880GPa
,.,21o 0.296 ANGLf 4
,,12o 0.296 1.393
V61 o 0.000 N. - .;4.800,,160 0. 000S m 4 .9 5'P,

,26o 0.00

13

_ -- 
mum--



STRAIN SPACE INU. PIAT.(TPa)-l
COMPL IANCE

0.0222 d11* 8.82?
0.02222 22* 15.305

dl2* -0.821
c66* 85.131
J16* -2.642
d26* -4.794

pli = .08011N
M12 = 0.OOOMN
116 = 0.eeerlN

FLEX. STIFFNESS AGE1 -4
MOULS -+= 0.001

Dil .?6. 842N.mn 5gm4= 2349.468MPQ
D22 44.692N.m R .0
n12 5.216N.m Rg- = 096.003M
D66 8.065N.m m-46.9!a
016 2.629N.m
026 2.629N.m ANGLE 2 = 45

I rNU. MP T. (k N.n) -IR 0.000

COM1PLIANCE Sgm+= I002.20IrPa

l! 13.240 R-= 0.001
C122 22.958 Sgm-= 2954.782r1Pa
d1I2 - 1. 302

C16 -3?.363 ANGLE 3 = 90
d16 -3.1963R- 0.000

C16 2.92Sgm~- 584. 184?lPa

651 . :? 8GP2 R - 0.002
F2- WD. 4GPa Sgm-- 3149. 562rlPa

,j2lf 0.038
,!c 0. 05F ANGLE 4- 0

0. 299 R4 = 0.000

~. ~13 5m- 818.912rlPa

~.a.6 0.056 R - 0.000

~0F~C~ .flqN~Sgm-= 1143. I39rlPa

niic lK.63GP_
022* 6;2. 03WIP>:
012* -)- 24 (-Pu
06)6* 2 9,F(
0 164: 4. 01 8(jF'o
n2fit 4.018GPn

14
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3. T300/5208, [O/90/±45/CORE4]J (Version 1)

T300/5208 INV. MAr.(rPa)-l
COMPLIANCE S;T,?ESS SH)ALl-

ANGLE 1 ::-45
NO.OF PLIES I alIV~ 14.352

ANGLE 2 =45 a22* 14.352 200r.OMPa
NO.OF PLIES I al2* -4.248

ANGLE 3 =90 a66* 327.201
NO.OF PLIES I al6* .0

ANGLE 4 =0 a26* .0
NO.OF PLIES =I

N.OF CORE PLIES 4 0 .0M/

IN PLANE STIFFNE N20 op-NI

MlODULUS Nb 0. 00011N'i

All 26. 368r1N'm C)NULE F -4

022 26,3681N/m k+0.346 STRAIN SPACE
012 22.602MN'm Ni 2'4.000
f!66 26.8R8rlN/m -yi9

4
-- 346.99SfIPa

A 16 -0.O0OtlN/m
0~26 -0.000!Im = 0. 6.- 1 0.022222

COM1PLIANCE62.051T

ciii 11. 352n/k-N L4NC F 45

a22 14.352in/kN k 346

a12 -4.248.m/kN N+

al6 6 32.201m/kN
016 0. 0O0m'k N
a26 0. 000mi<kN b

N -. 000
E I--o 69. 6,25GPa t)PE.STFNS
F2 --o 63. 625GPa MODLUSTFNS
1:6-0 26.88GPQ IOUU
o2.Io 0.296 WNLL

I 2o 0.296 0114DI 52.932N.T
~.'Io 0.00N+ 022 43.555N.m

V6'10 0.000 -;1igVn 12 9.431N.nm
.6o 0.000 066 II.984N.,m

,.26o 0.000 -9 . 16 .624N. e
t, D 26 162;4N. m

NORf1AL12FEI 'ONSI I. (.nIN.MT.(N n
MODLUSCOMIPL IANCE

r;I I* 16.368GPu ONUL F 4

022* ) 6.368G~a 1dl4 19.216
~12* 22.602GPi N* 06,o~ C122 23.983

O66 2.88G~ '~- H1W~ d12 .-.213
016* -0.80GPa d66 84. 123
A26* -8.008GPa d16 -2.166

N d26 -2.262
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El-f 26.029GPa M = 1.80amN
E2-f 62.542GPa M2 = O.eOarlN
E6-f 12.829GPa M.6 = .0M
v2lf 0.213
v.'2f 0.125 ANGLE 1 -45
V61f -0.109 R4= 0.0
V16f -. 2 g+ 1739~
v62f -0.115Stn 1.9rP
v26f -002R0.0

NORMAPLIZED CONST Sgm-= 1258.085MPi

MODULUS
ANGLE 2 45

011* 29.398GPa R = 0.0
022* 65.333GPi Sgm+= 486.485lP
012* 14.232GPa
066* l2.926GPa R .0
016* 2.51IGPa Sgm-= 1115.31?MPa
026* 2.51IGPa

INU. MAT. (TPL) -1 ANGLE 3 90a
COMPFLIANCE R4 = .000

diII* 13.144 Sm=3289~

dl22* 15.989 R- = 0.001
d]2* -2.808 Sgm-= 1239.266r1Pa
d66* 56.086
d16* -1.444
d2b* -1.241 ANGLE 4 0

Sgm4= 606.418I1Pa

R- = 0.000
Sgm-= 684.298r1Pa

18



(E) PROGRAM LISTING

U 1. SYM -LAM 1

1: ISY1-LAI" 48:DATA "SCOTCHPL 300:LPRINT H*;Y~.]

INPUT "COLOR ? Y~/002 ,38.6E3 3 1 o:,NpuT ,NO. OF P

COLOR CC 4E:3, .125E-3, 10 311f:LPRINT "NO.9F

2: TEXT b2, 610, 31, 1 18, lE ";(

.3:01Ml X(30),v(20 ?2;!LTURN
), (2),U(5) 10;0:)TA 'KEULAR 14 316:NEiXT 1
A(3),B3j)V(9/EPOXY", 760) 312;:INPUT 'N. OF CC

24),P$(2) 5. 5F3 .34, 2. 30 REz PLIES -(FLLX

12", "66', "'16 0, 235, 12, 53, 31 318:LPR1NT USiN4O
26" :;RETURN

L-A;ESTORE 4;O 60;DATA ' N.0F

I-ITO 6.RE~n a RETURN RE PLIES";7(0)

$(!):NL~xT 1 0 D~TA " 320;PjAUSE 'ANSWLR

~ 'I-''L2RETURN v.'N FOR LISTIN

y1' .", ' RE:URN 323; INPUT 1N-LN

v ',<62", ",2 '30:nAAT F TFF

5RLTURNv/N G$

E:s TORf b OR 100 1r)- 324.X$-<"1N PL -NL

I90 ;RLAP kl&T:jRN -NF

NE3T -9. US ING '&&#4 32.):;>-UB 6'~

~i## INPUT ;~~FI LJISIJ 680
e !NFUT 1 AF R J'f RETU N T2: O I)

LN, = ; M FOR ME 91;.S IN3 'r &&& ;3:2UR)3

"llIGOTO 19-5

9;: I- UFL (:-$*10: Re.TURN F*2()1

!QOSLIB7 195:FOR V ITO 30. '1;c ) *' *

~~V2TOREsu 1AL[ OSI *10. 3 50:1 0U0:O

ws ,C ,RESTU)Ri 1*30- ~i><T
* !, R S,':READ w s -6'). -0I. ":

S~RN W$COOp9'USL T zJ~'i i

8.'I~~ 1.E 200:LF- 5I~(.- T 40
?,~~u~;.A(2 (I OL,

I- ,, cljTh L I PNCE", 480;: ' Up HH:
100, i 5 op--. 190: H- 131 _'-3 1NT X$.-~

20.2g_ K N THK LAMINATE" 40o; .,)SUP
20 114 ?0 l ""o 1 2~ / ( c~c*fB/A 'D FO

-~~ 0 _11; 1-RINT R$'

,~ 3.2'F~ )'~ 230. (( I O> X (2)- '1;~. Tl

30EtT~'5'3' 260. INPUT HOW "IN 430.; L 0 LLOR

.331 P. GE ' ANfltSG 492; 1I~Qrd

30, . ':O 3 .12 220:VOR 1V.'TO G 150 V i-I 11TO 3

3L , '.42,V 144 280: INPuT "ANGLE=" '505. 'XX.-'Izr-- 3. ! F 1 ",3

1' 06, 93; TY HE, LET XX>Y1,

RETURN .90;* (1)GL
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518:GOSUB 190: 720:X(9)z(SIN Y(I) 80U6=l(l
LPRINT W*148) )f'4 *U(3))
CHR$ Z;cl(lI)*X 240: XCII )ZX( I )X(5 1840: U(2)-=U( I)*X(

X; LS )+X(2)*X(9)42* I )(,2-+2U(6Y*K
b15;N[XF I X(2)*(X(3)4+21X XI*()

518:RETURN (4)) 9)*X(3)^2
540:GOSUB 800 250;X(I2)-X(J)X(9 1050; U(8)-U ( I )'X

5 0 $:. ;;Z. 92 TT)+X(2)*CX(5)42* 3)r%242*U(6)*

b; XXI E 3: U $ ="m X ( 2) *(X (3 ) 421cX X(3)*X(2)+U(

GOSUB 380 260:X(13)>=X(2)*(X( 1060:U(9).U(I)*(
580:60SUB 1200 1)-'X(2)-4*X(4) I)*X(3)+U(6)

590: INPUT "ENG.INFE (3)) X(3)/2)4U(3)
RING CST - Y/N 220:X(14)=X(2)*(X( *()X2
? -';G$ 1)4X(2)-2*X(3) 1020:U(10)Z=U(54Q<

592: IF G$--Y'GOSUB )4X(4)*(X(5)-2 (4),-2,Li( 111 )
490 *X(2)4X(9)) U(2XD14U(

600: INPUT "NORr1ALI 280:X(I5).=X(1)*X(6 4)*X(3), U(12
ZED CST - Y/N? )-X(2)*X(8)4(X )U2*()

602:X$zt.4ORI1ALIZED )42*X(4)) 1080;RETURN
CONST." 290:Xtl6> -X(I)*X(8 !100:U(1)Z-U(])4U(

605; Z=65. T T r12XX= )-X(2)*X(6)4(X f)*X( 1), U(2

IF G$="Y'GOSUB )42*X(4)) X( 12), 0(3) 1-U
630 295:RETURN (3)4U(]y*X(I

T Pa) -I "(4)42*U(3)*U(6 1III0; U(4) -Al(4)4U(

IE:~z'F G 5)^2-U(4)*U(3) -u54j*
$&-Y'GOSUB 630 X(2 U51, 0(6)-2

620:GCTO 1300 820:U(2)-(U(2Y*U(4 (6)4U(I)*X(I
530:L.f (1):GOSUB I )-U(6)^2)/IDT 6)

91;LPRINT X$,() 825:U(8)z(U(1)*U(4 30RiUT

LF (1) e30;U(9)=(U(5)*U(6 I() 2 -,
640:FOR 1I-1TO 6 )-U(3)*U(4))/D J)/()
645;:503dB 00. T 03,/~o

LPRINT CHR$ Z4 840:V( 10):=(U( I)*U( 'U(10.

T T)*XX; LJ$ 850:U(II) (U(3)*UJ( (
650;N[LXT I:RETURN 4)*U(Y*6)))

620:F-OR J. 10TO 16 DT --Uo ii)1u(2)

622;X(J=0:NEXT J 860:U(12) -(U(3)*U( 1220;0(2)zU(11)/U

680:FROR Iz-ITO 6 DT 12)/U(8),q(9
684:U(1).z0 980:RETURN )=U(12)/U(I0

688:NEXT I I000;U(1>1'/P/Q,U )
690;RETURN (2)z1/P-l/Q 123~0'. .r-Ok 6
200:;X(5)='(COS Y(I) 1010:U(3)=I/R/S,U ]235;0(J'!2)AJ(J)

)-,X() (CS(4).rI/R-I/S, /X(10)
YC.1))A3*SIN Y( U(5).=J/T/T 123:7; (J4 18)-U(J-+
1) I020:U(3)Y--I1R/SU 5)* X(10)

*SIN Y(I))^'2tX U(5).=I/T/T 122PJ.RETUJRN
(8)=COS Y(IY*( 1025:0=-112
SIN Y(l))"3
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I'Je:T[-XT ;COLOR 1560X2)X1* 6OPRN Sm
2 X(23)4X(18)* 6.LRN "Sm

320;NIPU INX(24)4X(19)*
.. 32 ; '1PU T PI-X(25)

-,E T;.LNrTH 1520:X(21)=X(12)* i685.RLTUFRN

Y./1.L N'>I C, X(24)4X(18)* T2)O8.flR(PH COL R
-N30 TO L2 I' G X(23)-X(19)* 2

NGOO20X(25) 1201-GLCUIRSOR (.12

1580:X(22)=2*cX(25 0, -R10)

i';o'U 139 7)4(X(I)X 1;02;LINE (0,100

'350:LCO 1420 1585:'Y(I)=-Y(1)
1390;.L (1):POR I 1590:RETURN 1203-LINE (-188,8

_$CH $- (20)t'2+2*U(g 1
rlID$ (R$(! -2 )*X(20)*X(21 120'-). INPUT qNGLL-

>2, 1 j4' )4U(B)*X(21) NO. ISz";!
.'JNT X.$+ "24U(10)*X(2 118. !F 1>GTHEN 2
U 4 " 2)r,2 L

~1NP~T ~(1605: U(J4)=U( 11* C1> EA I: LfLP( I

LPRINT ><$.;( X(21) 121j I NPU T ' LGL Fk
); 04 1618: U( 15)=U( 14)/ NO. I1S- '7

149O;NF,( 7i-~i* ~ U(1)2 17 2)1

RIU l1615:u(1)={(15) ~ (2?F --X(2), X(~
'43:'1d)(*K F(U(15)^2412 I78 , ) zL2' V

lU(13))9-X)

)*M !~~625:B(1)Z-INT (X( 9,x(
18)/L/U(16)/ (10)

K+(2*~(24J)*2,9(2)= 12 4 0,-L I P6b28
iT* NT (X(!8)IE W2~ CSB.8

1,150: R 1 1TCi C, IU(12)/241)* ( X2

K I 1635.RETURN
488 WYNL.1650:1IF (Az' iJ(28- 0 ( -X

L$ '"THEjN !685 1 2 -

lte 1 y16534JS1NG '&g.J(22):X .4

1655:LPRINT "R4 X1 )4v ~ '
0A Z";U I) U( 16) z(I

.'-)!~jP R ;00 1652; IF U$ '-1N'
02-' j-SAjq 1600 THEN 1665 1830;i23 JiV

1660:LPRlNT "N4 X( .)

-,~( 1 ' ) Y( I B(3); 'riPa J(12)*X(23)
X~~:'(23) -(CO- Y. 183'1 - '7- N<')THLIN 2
SI vc2 ~( 24 1620:LPRINT "R- 0

X, \( 0~C 1622: IF U$=flN" (2 + -U (2:
Y(h)*S1N Y(i THEN 1680*(*U9+

1625:;LPRINT "N-20U ,:
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UJ(?2)*J(fI'I ?360;u(16).:u(23)'* 25i25: 1 V N-ITHEN
2 COS U(13)4-U( LLT K-60/XX/

180; H(20) -- , "I ) 24)*SIN UJ(13 W;GOTO 258'
k(9>"24U(2I) 2580:<:-60/W

~U3*(~J 23.;0:U (1.2)--U(23) 2585:(ILCLASOR (-b
(2k)*(8>/~*FSIN U(.13)4U 0,90).SO0RGN

LU(22)*U ( 12,,, (24)*COS LJ(l 2586; IF Nz 21HLN 2
2 3) 588
186;R(1)-J(I3)* 2380:U(I8--'4U(16 2582:u-S]NLI "40l###

J2*J94 )^2/U(14)/4+ 4L#&&&".GOTO
2i)*u(D)*u(8 U(12)'21U(15 -91

)+U(20)*U(9) )/4 2588;USINE "##.40l

L) 02) *U ( 1 8)/UK 15)) TEXT LF 10
J( 12 2400; U---U( 16)/j( I 2o31 .TFXT RETURN

82.R2:3).~J.23. ~ 4 )12. U- U(I2 208 -Xj):=
0(2Y-L(24 ))U )lU(I5/)2 J-' lc

()2410;Hs-U)KOS U(13 I NPU T 'F AII
)-U*SIN J(13 FNU. IN STR'-,

Q(§4LJ(24)*U ,r-d21tJS-
(8) 13) fu*C,-os U( IF L.-A"N"

P3.(I)~HIc~,13) THf N 2648o
u(20). R(20), 2420;JL-vH,J M22I'I~ &~&

J(21 -P.(21 2 , 24.30;8 *,Y-Y*L.,
U023)-<R(23), LJU*W~L, U'9JOL4

1124 (2' 2480;:)(0)-X*COU) U 260o,5; Tj-XT . LF )

2300 - -JJ lI L20 1)U,( 2610:. W-30
*SIN U(13).+ 261t. >PRJINT

~~~~ T (1kN1U fFS S 5
:I)>OTH[-N 23 2490;POR J !TO 3.1 2620;6IOSUR 1200

2500:A(J) X*COS 2630: '.NPU "NEW4 S
?31 9 OhND M( 12*J ), ( J) -' L E Y/N?"

?: <OTHL1 N 23 S.N(12*J) G$; C,$ :'N
2t5I8:1=A(J)*cOS U 'GOTO 2640

232. .' - 1 0 mTN ((13)- B(1 '* 26313. INPUJT "L4 W '

*.J2 ~/LVSIN J(13), H- WL. CS', 2619

(4, (~-) )) - ' (J )*SIN J( I 2640. N 2. j$

f-r . 1T C 2-40 '3) 4p 1 J))KO co)NPI J T ' A
1 1.3)cl" 'u~ U(IA) LNU. 'N ';YK 1

tM)TS D 40 2520. (I ) *Uti, R < N " N7.

232 14 -,-1( 13' 2'.4 0;L I Ni ~J 1)THEN 21)00

L52 L(3)*2550;NLXT J1
-I (3)4U( 2560;EOTO 1205D 2bHX .LF (2)

)92;LINL (--4, 60 510-W-22200
~-(4 -60,8, 26)5L-)1PRINT'

)2J& 1 !1) :J(l~i* I TRiAIN S;PACL'
~SNJ1~ 2)22; L]IN -4, 60) 2660.GOSUH 12880

22* !? .2 -(4, 60), 8, ! 26M20;N INET " NEW S
iN (1~*2b23;I (6,- LtALi '?Y/N".G

L JS U 13.) 4'iJ (60, 4 ), 0, 1 $- IF L$ N"
20)*'.KUS uri 2b;?,'L INL (. 60: -4 COTOJ 2208

0)-260,4 ) 0, 2680'. INPUT "L..---
;CJ;[T n ?6')5
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2?80.(CJSUJP RP.L F 3165; INPUT 'FLE

(V XIRPL 'dRENG
1~I8 WN ';f r .t T H - ''N?
RFAL ' T Nt 5 G$
S; -V/N?, 4 31,20;IF G$ ''N"

2,208.X$- FLFX. 'I GOTO 3:38
1f F Nf-SS" 318SO: Z=72: U*= "MN"

2;)40-LF I 2 ':6; OSIJ :GOSUB 1390
6208,. SLIR 68 3200:X(12)=U(2)*K

8 f-U(9)*L4U(!1

?228.1-OR 1:110] L 3210;X<(18)-U(9)*K
?.80;GOSUP 200 +V(8)*L-41(12

225X~( 108)--X( 10)4 )*tl
F*Z(I)32

Z(58 j8T 8:*i 30;L, ()P: (0)'3*L

2820 7$ Y'. 323-5. X a) -- 16

2920. XS ' 'NU. flAT. 325tb;LF (1)
N. n' ?65;H$ )NCLi-

1 F r"$:- V' 3268. 1, L$ -"'
60 J.H SoC ~T 03,- 25
X'8) 1 :2*X,' ?220.JSINL

C, 0'-) U H 1280 L[)RINT H$;-~'(

13)w

i P W', T~ 3202. V(jk lp I- 6'(

()8.&i T ) T.. 33 YK2 0.-"

G$ 'F 0 q

K1~~63i1
*INI). 11T

1, 6v,; Ht ilL
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2. SYrM LAM4 2

I. ,SYM-LAM2". 509DATgt 'KEULAR 4 3 13;COSUB LLU

INPUT "COLOR ? q/px" 76E3. LPRINT No OF

(0 1 2 3 " C .5E3,.34,2.
3 0 PLIES ";(

(0, 1,2 CCC E3, . 12!5E-3, 1419 ):IF J=4GOSUB

2: R -ROAT 0,235, 12,53,34 PP: >8

2:CRPH TI T :RETURN 315:NEXT I

ILCUkK R 200 60.DATA "".RETURN -316. INPUT "N.OF CO

0)L'URS:ORG 200:OATA "".RETURN RE PLIES=(FLEX

;.flnAri "3)Y2 .f~T RETURN ,?0
3.0 M ( '3), (2 0) 90;flAT A ;-RETURN 3 1? -. OSUR LLU GOSUB

),TLS(3?), (2) loo:OATP "":RETURN LL:LPRINT
I( -2), 7( 20),( 140-DT A 'E- ", 'F2 JSING &&&&&&&
(2) A (31), B( v21'
.)T 1,-,, '1'v N.OF CORE PLIE_

.6,5,6 4. FO 1 6, v62",v2 SU S"(0

-ITO 3;vOR J~16 I8Kl.1CSB
To 3;RLAD C(. 150;RESTORE 140: p N~_

i .NLXT J.NEXT POR I 93TO 12. 320-POUSE '~S.L

1.GOSUB 140 READ QS(1); YIN FOR"

8, INPUT "10TER10 NEXT :.RETURN 322; INPUT "IN-PLAN

L N. '(1 FOR MI 190:USIN( &&&& F STIFFNESS

F CU, s. 1 F G$&~&~&;YN'GX-
-pN)', RETURN N PLANE STIFF.

I r'OTO 195 191;USING '00000## 1 4
9; !:Jr) rCS*I0; o##-RET URN ?28'. GOSUB 620.,

CSTOR 7 195;OR 1-!TO 10; EOSUB 680
R~sOR 1yrADGOSUB !*,a. .329;:OR ]--]TO (7

~ r ~RESTORE 1*10; 330.cosup ?00

LPRIN7 W$;rOTO READ W$

0 0 r.,00 S O;Ws.NEXT . 340-J( I ) 2*Z( I E

8~ !Pi ~, S.3LCOTO 8 30CSU~10
,,3o. r05l1 .T$(2) ?60:N LXT

1 2 cL 3, :soO, 15~ 3A-i9 P 65. GOSJ8 800;
00."0 24, :-4L3; LL:--53 Gosup 1200

00, 10, 46 Gp ? O~opu f ILEINL 32,0 ; 1 !C A- "y G0! jF
kR_.JRN THE LAMI1NATE" 620; FOSlJB 3R9

20. POTA R,'4) /5SO 921(-C*B'A 375.'I1I0TC 590
5'. 204k' , '8. 5L 857-F 9:J '3 TT

3,.2,K3E.230;X(l) F*A,X(2) .J$ MN/n," X-

?Sr. 3,126, 50r*B, X(3)-F*C*B 43LOU 630
0, 6 1, 20V2. 63?.-X ~ 30 W2 T
RETtRN

'0CT  0(-/3tS01 -b0: INPUT "HOW MTIN Ll$-- " (k N/rtn)-

!38 E3, Ri36E3, Y ANGLt-.S-- , G '.xx:1t1 3-GosuF
-)) =0;POR I-ITO (330

It O, 1 34 , 12 .. ; T 7_j 1 3 3 2 . Gc Y U f? WP ;

.5 1 44/0 , 14-. 280; INPUT "N t-'RETURN
.L ! :1 ?RN93 VY ( ) 492; KK- I J$- 'GP '-

4i) T "W UTCHPL ?3H:$"NGL '- 1 900:FUR I !TO .9

Y 00 48K. (. 61 300: OSUP LL. --HEN LrT XX- 1I,
'4 3 : 'LPRINT u;( ~ U:

Of)" F3,o '41,-! 310; INPUT "NO.OF P 910;G0SIJP LL:

* )2. RE TJRN
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LPRINT USING 2io:X(?)-COS Y(I) 1020:UL(3)= I /RS, U
R$ ( 148)*SIN '(I))t2,X 4=/].q

42CHR$ ?;tJ~flNG (8)-L:OS Y(I)*( UJ(5)=!/T/T
SIN Y(l))e%3 1025:0=-.5;J(6)-0

*XX;U0! 1N(-- && 20:X(9)<(SIN Y(I) *.f(U(fl*'J(3)

515;NEXT 1;GOSUB P ?40:X(II)-X(1)*X(5 0;U2U]*X
P:RETURN )+()XS4*1)^2+2*U(6)*

590: INPUT "EN6INEE X(2)*(X(3)+2*X XI*(;U
RING CST- Y/N (4)) 3)*X(3)'^2

GOSUB 492 X(2)*(X(3)42*X X3*()U
6300: INPUT "NORIIPLI ('1)) 3*(),

ZEDJ CST -- Y/N ?60:X~(J3)=X(2)*(X( I060;U(9)=U(J)*X(

'IPLIZED MA~TRIX )+X(3)*(X(5)+X *XI*()
:N-=2 (9)) X(3)"-2)+U(3)

605; IF G$-'Y'GOSUB 22:(4z()((*X(3)*X(2)
620:COSUB 625 l>,4X(2)-2*X(3) 1020:U(10)=U(5)*X

610:GOTO 1300 Y+X(4)*(X(5)-2 (4k'2,d(1I)-
620:k~K-2:GOSUF 130 'kX(2)+X)(9)) 02*()U

I;COSUP LL; )-X(2)*X(8)4~(X )U2*()4
RETURN (8)-X(6))*(X(3 U(4 )*X(2).

625:GOSUB tL:Z--<65: )42*X(4)) RETURN

GOSUR 6_30 (6)-_X(8")*(X(3 ) U(2)+LJ( !)*
62;?; 60SUB LL2?-932; )42*X(4)) X (12), U(3) -0

,2S0 J Tu-1 75:REITURN (3)4U(D)*X(1
.,:TT BOO8: 1)T -U ( ) U (2) *U

:GOSUB 630: (4)42*U(3Y*U(b l004=4)U
GOSUB Pp. *U (5.) -0(2) *U~ )X1>
REITURN 9)^2-U(4)*U(3)

630; GOSUP lqo; -2-U()*U(6)A 2

T-U((N) ()ij ) 6); RE TURN

GocLJB Pp; G0SUB )-U(5)Y'2)/DT U2,0 )

634:OR ITQ 3c)U()U(D(3)=! /X(10)
POR .1 7C) ~( 0

636;LPRINT JL.,I 80d1)(~~U
)-4TT)*XX;Ni)T 2)-U(3)1%2)/OT ( ,

LCSU iL:850; 0( I I W (3) *U(
NE)(T !;RETURN 5)-U(2)*U(5))/ Z()U2

f) ?O; ;OR 1' OTO IG ) 16T I2:()J1/

~A~dT C) 6.) IT;RETJRN
I) Pl: 14 YT I.-100 lO( I] -'/P/ Q, U
RETUFRN (2)1,/P--I1/Q I230;:-OR J7-0 6

'00: ~ ~ ~ ~ ~ ~ ~ ~ ~ X X10)! (1 01:J(3 R ,L

Y( 0(5 I)*T,0)
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15;20: X(21 )=X( 12)* 1Fj22: IF U$-'IIH'
N~>T LX(24)+X(18)* THEN 1680
~TIkNX(23)-X(19)* 1625; GOSUB LLU

400. 1 WO T !N- L X(25) LPRINT "N-
INL I(H 1580:X(22)-2*MX25

'.-~y .~ '~((18)X(1 1680:GOSUB LL;
W:)7)4~l)~ LPRINT "Sgm-

COTO lr-;Oo (23)-X(24))="B 4;Ma
1585 (1)=-Y(1): .;RETURN

RETURN i280: IF N=ITHEN

1A2 511* ! 390 1600:U(13)zI(,)Acx LET K=bO/XX/
L!010 1420 (20)f'242*J(9 W~:GOTO 12041

TJ y~)-fU8)*X21) 204;PAUSE USING
~N 1 HY 2+U(10)*X(2

2 2,4 160 5 U (I I;"SCALE UNI
U ~J$ )(20)4U(12)* T jY";K,;U$

IN.T4 (21 ) 1286. INPUT "NEW. S

L!1RS U(13)/2$
10$ < OW 1 5:U(16)=-U(15)) 1208; IF G$="N"

2),) - +IUU(15)1,241 GOTO J230
'U(1,3)) 1209; INPUT "W~ =

I620:U(12)=U(I5)4 ;i4;GOTO 12
C;is. fO5U .(U( 15)e,241/ 00

LLXT 1; 0(13)) 1:210;GLCURSOR (-2

20; ",12.)- J10)//U(6)/SORBN
4- ,2+1*2,B(2)= 12 15:LINE (8,-120

2 1)20:LNE (-108,0
1630: G(3) -U( 16) IX )-(50,0),8, I

-j(10), B(4)=U( 1225: INPUT "ANGLE
*L12)lx(10): NO. IS=";I

RETURN 1230: IF 1.)GIHEN 2
S1650:USING "&&g&& 5210

I; 1235:ARCAD Y(I)
-jJ )R3:8 1652:GOSUB LL; 1?40:AREAM3 Z(1)

rC c.up LPR1NT 'rANGL 1250.INPUT "COLOR

Rd -IF: 1653W.SING '&&(8 22)jzX(2),X(
NiEXT 28)-X(3),X(2

~. .flTB Th881655:GOSUS LL: )X4

:'Kw~V(I~r=I) LRINT 1220:GOSUB 180

e~~j X (;,1 1652; IF US-:7"IN' 2)=-U(8), X(3)
THEN 166b5:(),X4=

1660:GOSUS LL: (10)
I V,~ N Y(. LIIT N 1290;GOSUS 620:

GOSUB 708

LPRINT "SWm (2)=X(2.7),X(

1 (2,d =X(29)
X 1'2 r)16?e:GOSUP LL:

LPRINT "R-
;U( 12)
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81p);U( 1q) =X( I I 2:G0T0 2340 LJ( 13)

j(0)Xl', 2330:UL( 13):-45; 2520;0(J)z41+U,B(J

0(21) 13), GOrO 23408 H ,

j(1'),X(4)2335: U (13) =- 45 2540;LINL (B(J-1)
U(22)M(14 )2340;U(14)=U(19)*

IH20-X2 ' )-(COS Y(Cos U(13))^ J,-A')
1)e2(2)242*U(21)* , Z. NEXT IJ:

(SIN y(D)f Cos U(13)* GOTO 1225

188U23)U1 SIN 1J(I3)-U( 2b?8:LINE (-4, -68

u(ii)*X(24)+ 2350:U(15)=U(19)* 2t522:LlNE (-4;60)

U(12)*X(23) (SIN U(13))^ -(4, 60),0,I1

1835: IF N 2TH[N 2 2-2*U(21)* 2523;LINE (60,-4)
00SIN U(13)* - (60, 4), 0, 1

1840;B(I9)=U(I9)* Cos U(13)+U( 25214:LINE (-68, -4

U(2)-?4U(21) 20)*(COS U(I -0 4,0

(20)*u(9)^24 2360:U(16> U(23)* 2585:GLCURSOR (--b
U(2Y~Ul1) ~ COS U(:3)+U( 0,90);SORGN
224)*SIN U(13 2590:LPRINT K;U$;

I85~~:P(2$~R U(3*)TURN

Ut~)"'4U(1) 2320:U(j12=-U(23) 2600:XX-X(I0);N-i
,xU(9)*U(8)+U*SIN U(13)4U -U Ma,

(2~)U(9)~24(24)*COS) U(I INPUT "FOcIL.

U(2)*~i2'~3) [MU. IN STRY.,

2 2380:U(18)=IU(16 -/?G$

J(2,)*U(9)4J( 0(12)^2/U(15 THEN 2648

21)*U(2)*U(8 /42bhi0:CfYUkH 190;
) 2) u() 2390:X=IABS (U(18 QOSUB LL -,J-

iR,.0:e(21)ZB(21-4 ABS (U(18)/U 2615.LPRINT S

U(22)*U(J1I* (15)) TRESS SPACE'

U(12) 2400-UJ=U(1b)/U(l 2620:GCSUB 1 00;

88o3:(23) U(23)* d)/2,0=-U(17) OLCURSOR (13

(t)2410: I=U*COS U(,3 :%K=2;GOSUH

U(3)4U(24)*U,rl.U*SIN U( 2640 W-2;U~.
(S." 13)4U*COS U( INPUT "FAIL.

i- ) (13) [MU. IN STRAI
tj2),,20), 2420: U-HUJ=N N --Y,N?",(S:

J( 1)-B,1')2430: - -* ," IF G$- N
J(3--B23>,) UzUUL, J.U*. THEN 2200

U(24): B(24) : 480:%0(0)-X*COS U 2650;GOSUB 1530;W-
?3oo;0--U (19)-U (20 ( I-) +u, B(0) > 2200

X*SlN U(13)+ 2655; LPRINT

0; O.-OAND U( U TRAIN SPACE'

?1.)8THEN 23 2490:FOR J-VO 31l 2660.GOSUB 1.200.

?m 250;0(J) X*CS ( LCURSOR (:-
2315 IF O:ON) U( 1?*J),B(I) y 0,230):cORGN

21)<OTHEN 23 *SIN (I2*J.) kK=2.GOSU13
5 2510:Mt-P(J)*COS U p

2320;U(1. )- (WN ( (13)-B(J)* 2;?00;'Q-OSUB 190;
2*U (21)'(U'i SIN J(13),H INPUT "FLFXU

c)(J)*Sb]N U(l ROL STIFFNES
3)+8( j )*Cos
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S-yN?' ; Gt;. 1030:KK=2:GOSUB P
X$-' LX ST p

2?4:cA 6.-Mt2~ INPUT " LE

225$: COSUH 6SO XURAL STRENG
TH --Y/N? 2';

2280:QOSUB _, 3130: IF G$z'N"
CJOTO 3330

31?0: Z=22?*;U$-: "N"

?2~~;~K 21,3*(X( :GOSUB 1390

d l$:osup !100
2820,.N > 1 3210:X(I)-0(9)*K(

28fU)JB 800 +U(8)*L-4U(1]2

cIC)( UB 620; 3220:X(19> U(II)*

29beWGl, 2340 le)*r1
~880'./ -68 - *1 3 Tr3U:()Z0*

:0;d$ N~m. 3232;W=JX(I0)
xx-IF6:( 'Osup 3235:X(10).1/6*

630 EXP (2/3*LN

T f ;j ",kN. 3240:POR I.-ITO G

,n-IXX lt32

2'~2A<~2rC~P 1 2')5:COSUB 1555

3280:GOSUP 1000

3285:X(20)-X(20)*

E* NS1 IN. FJAI>. 22)=X(22)*A(
CS7 C/Y, 1)

$ 3300;CD;UB :600;

2920;Hf (A-"N' GOSUB 1650:
Goro Woo0 GOSUB Pp:

29,11: Go! Ub 492) NEXT I
oINPUT 'NORM,. 33-30:GOTO 322

P)LX.[j.ST Y'/ 4000:GLCURSOR (0,

ts' "NOFRMLuI 7L SORGN ;LINE

D FLEX.' (0, 10)-(-200
'3010: IF C$.-"N" 0,0

GOTO .3120 GLCURSOR (0,
WO: 0zOOIJB 620 0

W2; 58: ~ll ; LA 4010: 11=0:k'ETURN
-"o T 5000:CLCURSOR (-2

505dB630 t RE ~ETURN
'1025: i 00S: W-20;0

GOS~Up 630
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3. SYM -LAM 3

1:"'SYM-LAI3" 58:DATA "KELJLAR 4 318-PRINT USING I&
3:Olrl X(30), Y(20 9/EPOXY', 26E3, &&&&&&&

), Z(20), U(25), 5.5E3, .34,2.30 l# # ; "N. OF COR
0(4,A() (E3, .125E-3, 148 E PLIES';?(8)
10)B(1.18,235,12,53,34 320:PPUSE "ANSWER

4.OATA "!I 2?" :RETURN Y/N FOR LISTIN
12", -:66, -15 60;DATA C' ."

' 26" 70; DATA 323. INPUT "1'N-PLAN
5.RESTORE 4:POR 80:OATA E STIFFNESS -

$(I);NEXT I 100;DATA ' 322.;GOSUB 620;
6; OAT A " EI-'", " E2 190:USING "&&&#COSUB 680

-'E 6-' , " v21- #.#":329:rOR I~lTO G
v, 12-'.' "v6I - RETURN 330:GOSUB 2?00

,vl6-", v62-- 19I:USING "ggg, 335:X(I0)z X(I0)+42*
"v26-" &&&&&&&"E*2(I)

?;RESTORL 6:FOR :RETURN 340;U(I)=2*Z(])*E
1=9TO 1I2.READ 195:POR IzITO 1O: 3b0:COSUB 1100
@$(.I):NEXT 1 GOSUB 1*10: 360;NEXT I

8;INPUT "MAgTERIA RESTORE 1*10; -365.e?=65:TT=0;XX-I
L N.w-(N FOR MIE READ W$~'INm.1
NU) " ;G$; IF G$~ 197:;PAUSE USING "#C$ 'Y"GOSUB 38
"MlGOTO 195 ##"; I;'" - 0

.9:Ir4JL G$*IO: ";$NEXT 1: 375;COTO 540
GOSIJB 1; COTO 8 380;GOSUB BB:PRINT
RESTORE 1:READ 200:A$(l)="M!ODULUS A$(TT/641)
W$ , ,C, P,F, P ": q$(2)="CO1PL 400GOSUB AA;POR I
,Q,R,S,T;PRINT I ANCE "; 00=I190: -1TO 6
i4$:GOTO 200 RB=191 405:PRINT CHR$ Z+Q

10;DATA "T300/520 210;PASE "DEFINE $(1)UV(I4TT)*X
8 ", 181 E3, 10. 3E THE LAMI1NATE" XU
3, .28,2 . 12E 3, . 220:Fv1l'.I.-C*C*B,1A 410;NEXT I-RETUR~N
125E-3, 1500, 15 )490;J$.="GPa"
00, 40, 246, 68: 230; X( I) --F *A, X(2)~ 500;wOR IITO 3
RETURN F*,X(3)F*C*B 5305.\XzE-3;IF 1'>3

20:flATA "B(4)/550 , X(4)z D T HEN LET X).wI,
5",204E3, 18.9E 260: INPUT 'HOW MA~N $-

3, .23, -5. ',39E3, . Y ANGLES"';G 510: GOSUB 190:
125E-3, 1260, 25 220:ROR I ITO G O'RINT ~(4)
00,61,202,62. 280: INPUT "ANGLE=" CHR$ Z;(1YVXX
RETURN V(I ) -U

30;DATA "AS/3501" 230:H$ "ANGLE '45]5.NEXT I
I.3E3, 8. 96E3, STR$ (I)+" - 518;RETURN

.30,2.10E3,.12 300:PRINT H$;Y(I) 540:6OsuB 800
5E-3, 1442, 1442 310: INPUT "NO.OF P 560. X$-' " 2
y 51.2 , 206, 93: LIES= ;ZD 6; XX=1IE3. J$-"n
RETURN 315;PRINT "NO.OF .kN : IP G$-'"

40;DATA "SLOTCHPL PLIES ";?(I CG.SU 380
Y/I002",38.6E3 316:NEYT I580;G05UB 1200
, 8. 2?3, . 26, 4. 1 31?: INPUT "N.OF CO tK 5:?=1 I
4E3, . 125E-3, 10 RE PLIES-(FLEX 90. INPUT 'ENGINFE
52, 610, 31, 118, )";7(0) RING CST Y~N
7 2:RETURN ?"G
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592;.r C*$"YGOSUS ?80:X(15)=~X(1)*X(6 uJ(2)*X(1)+U(
49 I-X(2)*X(8)+(X 4) *X (3), U (I2

600;~N-2;INPUIT "NOR (8)-X6)*(X(3 )U2*(
r1ALIA-D CSI )+2*X(4)) U(4>*X(2)

1,5 5 -I;T T.--j2 )-X(2)*X(6)4(X 1 I00V(I ).vU( )-4U(

Pa":TIF G$z'Y" '+2*X(4)) -V24])
COSUB 630 ;235:RETURN X12),U(3)-U

61 Z92 W=2; T T -!8 00:0Tz=U(1)*U(2)*U (3) -!J ( I)*X (I
X F;$- (4)42*U(3)*U(6 4)

a- I." IF G$' "Y" )*V.(5)-U(2)*U( J1 1-Q(4) U(4)4+U(
COSUB 630 5>'^2-U(4)*U(3) )*X(1),U5

620;GOTO 1300 ~ -2-U(1)*U(6)s2 YU0(5)+U(1)*
630-.OUP 1c1: 820:0UG'-(U(2)*U(4 X(I ) b -

640:FOR I-ITLJ 6 825:U(8)=(U(1)*U(4 6)
645:1.0';U8 ArO;PRINT )-U(5)>,Q)/JT 1I3i0:RETURN

*l;yj(I4TT)*XX; )--U(3)*V(4))/D U),A2 -

650;NEX9T I.RETURN 840:QJ1)>u(U(I)*U( C()-/(0

62)5;RETURN 6)-U(2)*U(5))/ () b - -
680;:WOR 1--1TO 6 DiT 9/()Q6

684:U(11220. --U(U121 ((3)A)

C-90.;AVT URN alT~ r) >J,

V 1S1~d(2)-1/R/s,U 1230:FO\ ?-]T 6

2'P: K)-((1Y(lI (4):: 1 /R- I/S, 1235. U( CT, 2)-U (-I

:74 X I )-x I )*X1030; U(6)::[V*-f(U( 1 1-400. I NPUT " I N L

)4X(2) V3)- * )*U( )) N) STRiLNI'l-T

I'T )^'22*LJ(6)* 133il. 1 F G$-:N'

X(1)*(X .- )+2*X105 .J(8 ----(I)* (rn';COSUB 1.39
(4)) 3)A,2+2*U(6)* 0

,4)0- X( 13) -- X,' )*X( X .3.) *Y(2) 4U( 13505U.OTO 1420
1 )-X(2) "*X(4) 3) *X (2) ̂2 390.FOR J1.:11TO

)+()*X5)X 1060; LJ(9) U( 1) *X( 3
(9)) !)*X(3)+U(6) 1395;X$-CHR$ Z4

)-4'X(4)*(X(5) 2 *X(3)*X(2) PRINT USING
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INPUTNi90 1605:U(J4)=UUS.) 2290:;ZD=2/T*(X(

+U()~LU(1 168:(12)+UL(12)* 10SU^388X10

"*11 JX(U(5)D 2 298:GOSUB 1100
U(13)/22830:z=100TT=6:XX

340 *LTJ()LtJ 1625;U(16)= -UNT 5 (X(:$=N
RE')/E/,1 U(1 ) /+ .1:F G *"Y"

140 2 ? , +'* U1)2B) GQSUB 380
KU(1)'LU( 1NT 12 : (2 =(I8)'E 2334:GSING '&00&

1430.H$~ ' N&L- t 1630 (13))=(6/ X2935:P U1NT

+I(8)*L 10012 9425:8(1=lNT2(X( I
)*M 10)/1650: lbF G$=zN'Y

14~3 '~Cs HEN1685B2) 290:OSUB 3200

IN ((0)E 2965:UINUG NI

1 T 1) 2 2935:PRINT F E CS -

4 0 . - + 1630 (3 ";U (16) /X

152:~m ~1650: IF U$z:IN 2920:GIF B 120
1 0.r U Y" THEN 1665 2360:Z- 402

IN H$1653:PRINT 2-9 30 50 INPUT "ENGPIN

-00 oo l FLE CNST
(V~ .'&2)1655;PRlNT R-+ -/?"

50.t JH1622: IF U$='1N 292 .F G E-3:U

10 i) -l N ~'A THEN 1685 $GOSUS 490

1660:PRINT "N = '3000. ,N<uT "NOR.T

'-20- NE T I GP r9'Y-GS -

21690:PIN T Wz -x =,NO630l,

y(2-' 220:GSU 88OULSTREN
( 11 (2 ) I,.X , 4 12 0: IN T "R -X 3010 -:: 8 WY'N;

U 312;XXF G-3:'

1622: ~~80 I.F U$':N GPaU -IS
~J0~TJ N V2 HE410.U Y OSUB 6

(2)'2iU(~ 225 ~)(2) 30

229,.068: VaOURN 'o$ 210 X( B). U B
X(24.)4(!8)* 28U(IN*U "W- ?

't)0- (2 ) *Y 2 22105: NPUT "FX.Y$

31?;$3?0 FGN



PRINT NH$," 1)*
~~3"30!; (O) lko)* :

.:. )', ,. ',IV. ',':, 232 ;w4 < ~ .

29',..- 2 0 -X ( , -1 (X(10i)*l12Z))

2 ( ), (21 x '24 . :0R I -- TO G
(21))KA(1), X( Q250:A(] )-Cl( 1 1 )4
22) "'(22)*' ?(I YP
1) 260: H$' AN(jL L

->".,L1Ut.I bk60k STR$ (1)4"

0.Nt X T 1 3268: IF C$-"N"
,12,.',: 1;', klGOTC " 2-21

I

SECTION IV

CONCLUSIONS

The description and instruction of the use of Sharp PC-1500

Pocket Computer for the key calculations of the stiffness and strength

of symmetric laminated composites are presented in this paper. With

the computer packages that were programmed, instant calculations can

be made for practical use.
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